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BagfSTQUn^ °* invention 

[0001] The invention relates to a deformabie tube. s 

(0002] ft is known from US patent specif cations Nos 

3,353.599 and 5,014,779 to insert a corrugated tube 

into the wellbore of an underground borehole and to 

expand the tube ctownhole into a tubuJar shape. 

{0003] US patent spedfication No. 5,366,012 cSs- io 

doses the expansion of a slotted pipe of which the sJots 

cpenupasaresuftc4theexpansic*soastore^ 

recfial forces needed to expand the pipe. 

(0004] The use of slotted or Wtialy corrugated pipes 

has the cSsaoVantage fiat the expanded pipes have a is 

■t ..*» 1 - - ■ i»«Jtir»l ■ ii ■ mill 

nrtmed rnacnancaj svengcn. 
[0005] IntamattonaJpetertappicalk^ 
WO 96AJ0626 ctedoses the expansion of an unctotted 
cyindrical pipe by means of an expansion mandrel. 
(0006] AdsaoVantageofihe latter expaiwon method » 
is twt forces to expand the pipe are relatrvely rwjh and 
that the ppe contracts as a result of the expansion proc- 
ess. 

[0007] ttisanobjectofthepresertinveritkxntoaBe^ 
me thecfeadvantages of the known techniques and to » 
provide a robust and deformabie tube which can be 
expanded or otherwise deformed by using a relatively 
tow deformation force. 

Suprrary of the, feKfiOfioo 30 

[0006] The deformabie tube aooording to the invention 
thereto comprises a wal which is at least partly formed 
by a number of tubules, wherein at leastonetobuleisat 
least partly c^formed in response to deformation of the » 
tube. 

[0009] Thedirformatkttn^irM** 
change of the tubular shape of the fobties, which 
requires prindpaBy bending forces which are signifi- 
cantly tower than the tension forces that are required to so 
expand a tubular cylindrical pipe. 
[0010] It may be required to obtain a tube which can 
be deformed easily in an axial or in a radial Direction or 
in both directions. A ratfafly deformabie tube is useful if 
thetubeisforexarrptetobeusedasanoia^ 4S 
production tubing which Is to be Inserted Into a relatively 
narrow and irregularly shaped underground wetoore. 
AnaxiaBydeformabtolubeteus 
ductfon mar or tubing, a weJ casirig or other well tubular 
wNch Is installed In a compacting reservoir where there so 
is a risk of bucking °f the wet tubuiars as a result of the 
compaction process. 

[0011] II a ractafly deformabie tube is requfr^ 
ferred that the wafl of tie tube is at least partly formed 
by a series of axial tubules which each extend in a dree- 05 
boo substantially parallel to a tongttucinai axis of the 
tube such that upon a racial detc^mattonof thetubethe 
axial tubules are at least partly deformed. 



[0012] » an axiafty deformabie tube is required it is 
preferred tiatthewafloftfwtubeisat least partly 
formed by a series of toroidal tubutes which extend in a 
substantafly orcular direction around a longitudinal axis 
of the tube such that upon axial deformation of the tube 
the toroidal tubules are at least partly flattened or other- 
wise deformed. 

[001 3] If a tube is required which is both axJafly and 
radially deformabie, it is preferred that the wal of the 
lube is at least partry formed by one or more hefical 
tubules which extend in a substantial helical direction 
with respect to a longitudinal axis of the tube such that 
upon deformation of the lube in a olredton which is ori- 
ented at an angle relative to a tongftudlnaJ direction of 
each of tie rteficaJ tubules, at least one of heOcaJ 
tubules is deformed. 

[0014] The tubules may be made of a metal, plastic, 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to adjacent tubules or 
other parts of the wall of the tube. 
[0015] The tubules may before expansion have a 
loWed, (^indncal. efBpticaJ or prismatic shape and may 
as a result of the expansion be unfolded or flattened into 
an effipbeai. cylindrical or prismatic shape. 
[0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubutes into the space surrounding the tube. 
[0017] In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a Squid cement slurry or oornponents of a 
curing agent which components are onfy rnixed when 
or after toy have been squeezed out of the tubules. 



[0018] The invention wBl described In more detail 
and by way of example with reference to the accompa- 
nying drawings, in which 

Fig. 1 is a cress-axial sectional, view of a tube both 
before and after expansion, which tiixa has a waH 
that is made of a series of axial tutxies which are 
cyinotfcaJ before expansion and eKpocal after 
expansion; 

fig. 2 is a cross-axial sectional view of a tube boflh 
before and after expansion, which tube has a wail 
that comprises a series of axial tubules which are 
prismatic before expansion and elliptical after 
expansion; 

fig. 3 is a aces-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
that is made of a series of axial tubules which are 
ettpbcal both before and after expansion; 
fig. 4 is a cross-axial sectional view of a tube 
before expansion where the wal of the tube com- 



2 



EP0952305A1 



prises a series of axial tubules and the tube is 
folded into a substanaafly flat shape before it is 
unfolded and expanded; 

Rg. 5 is a tonojtuolnaJ sectional view of a tube 
which comprises a wal that is made of a series of 
toroidal tubules; 

Rg. 6 is an enlarged detai showing the cyindrical 
shape of three of the toroidal tubules that are encir- 
cled in Fig. 5; 

Fig. 7 is a longitudinal sectional view of the tube of 
Fig. 5 after axial compression of the tube; 
Fig. S is an enlarged detai showing the efiiptical 
shape of three of the toroidal tubules that are enco- 
ded in Rg. 7; 

Rg. 9 is a cross-axial sectional view of a racSaBy 
expandable tobe comp risi ng six axial or helical 
tubules both before and after expansion of the tube; 
Fig. 10 is a cross-extol sectional view of an unex- 
panded tube of which tie wal compose series of 
folded tubUet which unfold into a cylindrical shape 
during the process of expanding the tube; 
Rg. 11 is a cross-axial sectional view of another 
unexpended tub* conf iguration where th* wafl com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expending 
the tube; and 

Rg. 12 is a cross-axial sectional view of an unex- 
panded tii>e which folds open during the expansion 
process and which cornprises a tubule which acts 
as a plastic hinge and which is Rattened as a result 
of the expansion process. 

r^leddeecr'pfon of the invention 

(0019] Referring now to Rg. 1 there is shown a tube 1 
in a cyindrical wefcore or other cavity 2, which tube 1 
has a wal that is made up of a series of axial tufauJeeS 
which are substantially cylindrical before expansion of 
the tube 1 and elliptical after expansion of the tube 1 to 
an enlarged diameter, as Illustrated by reference 
numeral 3& 

[0020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by Increasing the hydraulic 
pressure in the interior 4 of the tobe 1. As a result of the 
expansion process the tubules 3 are subject to a bend- 
ing procese so triatrelafiveiy tow forces m 
[0021] H the tubules 3 are made of steel or another 
metal then ft is preferred twt the tutxJes 3 are sWered. 
welded or brazed together along the length of the areas 
5 where the tubutos 3 touch each other. 
[0022] If the tubules 3 have an irrperrneabie wal and 
the tube 1 is used terr*orariry in the cavrty 2, tor exam- 
ple to provide a ternporary seat, then the tube 1 can be 
radially contracted again by purnping a high pressure 
fluid into the interiors 6 of the tubules 3. which wi 
induce the flattened tubules 3B to resume their tubuter 
shape, so that the tube 1 racfial shrinte and can be eas- 
ily removed from the cavity 2. 



[0023] If the tube lis to be used permanently in the 
cavrty2,fcxex8jrpteBmetube 1 is to be used as a well 
casing, then at least some of the tubules 3 may be fled 
with fiquid conponents of a cement slurry or other cur- 

5 ing agent such as a silicone gel and tie outer wall of 
ihese tubules may contain openings 7, or weak spots 
which are opened as a result or the expansion process, 
via which said fiquid components are squeezed into the 
surrounding annular space 8 sumario5rig tw expanded 

10 tube 1 and the fiquid components mix up and cure to a 
hardened cement siicone or other cured sealing com- 
position. 

[0024] Rg. 2 ■ustrates an alternative embocSment of 
the deformable tube according to. the Invention. This 
is tube 0 is also radially cMorrnabie and comprises a 
series of tubules 10 which are pnsmatic before expan- 
sion and effipecaJ after expansion, as lustrated by refer- 
ence riurneraJ 10B. 

[0025] The tubules 10 ara arranged subetartfafly per- 
20 alel to the longitudinal axis 11 at the centre of the tube 

9. The tubules 10 are made of steel or another metal 

and are collected to each other by longftudirtal welded, 

brazed or sintered bonds 1 1 . 

[0026] Rg. 3 shows yet another enxxxtment of the 
a deformable tube eccorrjng to the invention, in which the 

tube 12Knxfaaflyc*jforrrwbtear^ 

tubules 13 which are elliptical before and which have an 

eflipttcal. almost flattened shape after racfial expansion 

of the tube 12. 

so [0027] In this errixxSment the tubules 13 deformfrom 
a f rst effiptfcal shape, illustrated by reference numeral 
13A in which the largest width of the effipfcaJ tubules 
13A has a racial orientation into a second effipbcal 
shape, fflustrated by reference numeral 13B in which the 

as largest width of the eliptx^ tubules 13A has a tangerv 
tial orientation. 

(0028] Referring now to Rg. 4 there is shown a 
deformable tube 14 which comprises a series of axial 
tubules 15, wherein two pairs of tubules at opposite 
40 sides of the tube 14 are Interconnected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape e g 
around a reeling drum (not shown). 
[0029] When 0ie tube 14 is then unreeled from the 
45 reeing drum it can be brought into a cyindrical shape 
by a guide tunnel (not shown). I the tube 14 la to be 
used Inside a wel or Inside another tixiar the cyfindri- 
caJ tube 1 4 is then reeled into the weflbore orflieirterlor 
of the other tubular and expanded for exarnple by pump- 
so ing a Wgh pressure fluid Into the interior 17 ofthetube 
14. 

[0030] The inrtjafly flattened tube configuration shown 
in Rg. 4 allows an easy storage and transport of the 
tube 14. eg. on a small diameter reeling drum, during 
55 tie manufacturing stage and during transport from the 
marutacturing site to the site where the tube 14 Is to be 



[0031] Rgures 5, 6, 7 and 8 show yet another ernbod- 
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iment of the deformable tube according to the invention 
in which the tubules 18A. B have a toroidal shape in 
order to make the lube 19 axiafly deformable. 
[0032] The tube 19 shown in Rg. Scan be a produc- 
tion finer in a contacting oil or gas bearing formation, 
where as shown in detafl in Fig. 6 the toroidal tubules 
18A have a substantially cyMrical shape. In the config- 
uration shown in Rg. 7 the tube 19 has anally con- 
tracted so that its length is 1 8% shorter than its original 
length shown in Rg. 5. 

[0033] As a resit of flie axial contraction of the ti>e 
19 the tubules 188 shown in Rg. 7 have been deformed 
into an Optical shape, as is shown in more detail in Fig. 

8. 

[0034] Referring now to Rg. 9 there is shown a tube 
20wrich*exp«iwd wrthmawettx3n»21 or other cav- 

tty- 

[0035] The tube 20 has a wad that comprises six 
tubules 23. 24. 25. 26. 27 and 28 which extend in an 
axial or helical ccrtguration relative to the kxxjitudinal 
axte 29 of the tobe 20. 

[0036] Adjacent tubules 23. 24. 25. 28. 27 and 28 are 
interconnected «fong their length by elongate welds 32. 
Plastic hinges 22 are located in the wafla of the tubules 
23^28 at both sides of each weld 32. 
[0037] "The unexpended tube 20 is shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the form of a pie sector and only a minor gap 

30 Is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into 
the gaps 30 which wffl induce the tube 20 to expand until 
the wails of the tubules 23-28 are stretched eiidfor the 
outer walls of the tubules 23B-28B are pressed against 
thewett>ore21. 

[0038) Tnevolurrie^etirierttiixe 
In Rg. 9 is attractive 1 die tube 20 is to be inserted Into 
the wefeore 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal vofixne of the expanded 
tubules 23B-288 is relatively small so twt H the wads at 
the outer drcumf erence of the tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a rekrbvery large volume ol fluids is squeezed 
from the interior of the tubules 23-28 into the surround- 
ing armutus ancWor formation. 

[0039] In this way aretatrvety large volume of a seeing 
agent and/or treatment fluid can be injected into the 
annul us surrounrjng the tube 20 anoVbr the formation 

31 sumxrrilng the we*xxe21. 

[0040] The externally permeable tube 20 is very suit- 
able to Meet treatment fluids into an underground for* 
motion 31 which comprises along the length of the 
weflbore 21 layers of varying permeabaity. If the outer 
wafts of the tubules 23-28 have a sigrsTfcartly low fluid 
permeabaity than the surrounding formation 27. then, 
as soon as the outer wafl of the tubules 22B-26B is 
pressed against the weflbore 21. a relatively constant 



flux of treatment fluid wS be squeezed into the various 
surrounding formation layers so that tfie risk of injection 
of treatment fluid mainly into the permeable formation 
layers and by-passing of less permeable layers is mini- 
5 rnized 

[0041] rfthetube20feusedesatreatn^flutf 
ton tool then the outer waSs of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner walls of the tubules 23-28 which lace the interior 
io 30 of the tube 30 may be made of an impermeabi e rub- 
ber. Atteriiecuon erf the trea^^ 
the Warier 30 of the tube 20 may be reAicedsothatthe 
tube 20 radially contacts and can be removed from the 
borehole. 

is [0042] Insteadof slowing the tube 20 to contractaftar 
fluicfc have been injected into the formation the tube 20 
may be aBowed to harden In the expanded position 
against the weflbore 21 by i rrpregnatt n g the fabric or 
other material with a stowty curing epaxy or other plastic 

to compo si tio n , so thai the sotieffied tube 20 then serves 
as a welt frier. 

(0043] The tube 20 andthe tube corxlgurations shown 
in Figs. 1-4 may also have walls that are made of a si eve 
material. In that case the tube may be expanded by an 
25 expansion cone or by a balloon that Is Inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms the 
walls of tubules Is maWy bent and not or hardly 
stretched the sieve opening size will remain fairly con- 

so stant during the expansion process. The expanded tube 
of sieve material then serves as a filer that prevents 
sand and other solid materials to enter the weflbore 21. 
{0045] The racOaly expandable tube 20 and the other 
racUDy expandable tube configurations shown in Rgs. 

as l^may also be madeof tubules 23-28 whicharemade 
of a fluid Irnperrneable material, such as steel which 
only deforms if the pressure in the intsriorSOdtolube 
exceeds a pre-set tevel. In that case the tube may be 
instated as a production tubing which serves as a 

40 dewnhde btow-out preventer which expands and seals 
of the annuhJS surounding the production tubing if a 
btow-out occurs. The racially expandable tube configu- 
ration shown in Rg. 9 can also be used as a dril string. 
Intriatcaseditfingrrwdi^ 

45 of the tubules 23A-28A during drffling. At the end of a 
drifting cycle high pressure fluid is injected into t*e Inte- 
rior 30 of the tube 20 so tiat tie tube 20 is expended 
against the borehole wall 21 and forms a fining of the 
weflbore and the drii bit and ctowrihole motor assernWy 

so is puled to the surface by a wireline or colled tubing 
passing through the interior 30 of the tube 20 and also 
serves as an expansion cone. 
[0046] If only minor expansion of the tube is required 
then the wafl of tube may be provided wim only one 

55 or a few axial or helical tubules. 

[0047] If the wals of the tube 20 or the other racially 
expandable cortftgurations are made of a rubber or 
other elastkmny deformable material then the expanded 
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tube may serve as a high expansion packer or bridge 
Plug. 

[0048] ft win be understood that If the tubules are ori- 
ented in an axiaJ aVecboo a racSafly deformatte tube w* 
be obtained. B the tubules are oriented in a ctrcumieren- 5 
taJ Direction as shown in Figs. 5-8 then an axiaDy 
detormabie tube will be obtained. 
[0049] rf the tubules are oriented in a helical direction 
the tube will be deforrnable both in axial and radial 
directions and the pitch angle of the hefcaJ corfigum- to 
ton of the tubules wil then infkjence the degree in 
which the tube is axiaJry or racSalry deiorrnaJbie. 
[0060] Rg. 10 shows i c^guration where a tube 40 
comprises a wall tat consists of a series of axial Wda- 
bietobules 41. w 
[0051] If the tubules 41 are made of steel then they 
are Interoomected side by side along their length by 
axial welds 42. Each tubule 41 comprises at tie outer 
drc umfara n c e of the tube 40 a single plastic hinge 43 
and at the inner tircumference of the tube 40 a set of ao 
tour plastic hinges 44. 45. 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the wall of the 
tubule 41. 

[0062] The set of tour plastic hinges 44-47 defines a » 
wafl segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the Interior 49 of the tube 40. 
[0063] The tube 40 is expanded by punping a pressu - 
rued Ituid into the interiors 50 of the tubules 41 which so 
causes the tubules to unfold by Nngrng about the plastic 
hinges 43-47 so that the tubutes 41 each obtain a cylin- 
drical shape (not shown). 

[0064] Asaresunoftheunfc^o%igc4thetubules41the 
tube 40 obtains a larger external and internal cfameter. « 
[0065] Fig. 1 1 shows another tube 51 which com- 
prises a wafl that consists of a series of axial Wdabie 

tubules 52. 

[0056] If the tubutes 52 are made of steel then they 
are interconnected side by side along their length by <o 
axial wolds 5a Each tubule 52 comprises both at the 
outer and the inner circumfer e nce of the tube 51 a set of 
tour plastic hinges 54 that are formed by machining 
axial grooves in the inner ancUor outer surface of the 
wafl of each tubule 52. <* 
(0067) Each set of tour plastteWnges 54 defines a w^ 
segment where the tubules 52 can be folded Inwardly to 
form a U- or delta-shaped recess 55 that feces either 
the exterior 56 or the irterior 57 of tie tube 51 . 
[0058] The tube 51 is expanded by pumping a pressu- so 
rized fluid into the interiors 58 of tie tubules 51 which 
causes the tubules 52 to untold by hinging about the 
plastic hinges 54 so that the tubules each obtain a cylin- 
drical shape (not shown). 

[0059] As a result of the unfolding of the tubules the 65 
tube 51 obtains a larger external and internal diameter. 
[0060] Fig. 12 shows a foJdable tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at its upper side a set 
of four plastic hinges 62 that are formed by machining 
axiaJ grooves in the outer or inner surface of the wall of 
the tube 60. 

[0061] The four plastic hinges 62 define a detta- 
shaped recess 63 at the upper side of the tube 60. when 
the tube is in its folded shape. 
[0062] The tube 60 is unfolded by pumping a pressu- 
rized ftuid into the interim 

the tube to unfold in the direction of the arrows into the 
cylindrical shape which Is IBustrated by trie brcten Ines 
60A The tubule 61 tien acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
eUpticsJ shape which Is Hlustrated by bromines 61 A. 
[0063] The tubule 61 is made of • ptasScaBy o^torm- 
abto material, such as a formable h^vstrength low- 
•Joy or dual phase steel grade, which also provides 
flexfatty to tie tube 61 to drct^ertlal c*ec«on dur- 
ing the unfokfing procedure. After tie untottng proce- 
dure a curing agent may be pumped into the interior 65 
of the effiptfcal tubule 61A to reinforce the tubule 61A. 
Trie interior 65 of the tubule 61 may comprise eiecbicai 
and/or hydraufc conduits for transmission of electric 
and/or hydraulic power and/or signals along the length 
of the tube. 

[0064] The embodiments of the deformable tube 
shown in tie drawings provide a tube which can be 
deformed easily and which can be reeled on a reefing 
drum. The tube can be unreeled from the drum and 
injected into an underground borehole or other cavity in 
which the tube is to be used The tube is subsequently 
deformed inside the borehole or other cavfty by chang- 
ing the tubular shape of one or more tubules in the wall 
of the tube. The deformation may involve flattening, 
urttotfngor other deformation of the tubule or tubules. 

Claims 

1. A defonnable tube having a wall which is at least 
partly formed by a number of tubules, wherein at 
least one tubule is at least partly deformed in 
response to deformation of the tube. 

2. The detormabie tube of daiml, wherein the walof 
the tube is at least party formed by a series of axial 
tubutes which each extend in a ejection substan- 
tially parallel to a tongtturfnal axis of the tube such 
that upon a radial deformation of the tube the axial 
tubules are at least party deformed. 

3. The deformable tube ol claim 1. wherein the walof 
*x> tube is at least partly formed by a series of toroi- 
dal tubutes which extend in a substantialy circular 
Direction around a longitudinal axis of the fcjbe such 
that upon axial deformation of the tube the toroidal 
tubules are at least party deformed. 

4. The detormabie tube of daim 1. wherein the walof 
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the tube is at least partly formed by one or more 
heficai tubules which extend in a substantially hefi- 
cal direction with respect to a tonc/tudtoai axis of 
the tube such that upon deformation of the tube in a 
direction which is oriented at an angle relative to a s 
longitucfnal Direction of each of the helical tubules, 
at least one of the heficai tubutes is at least partly 
deformed. 

5. The deformabte tube c< daim 1. wherein the wall of io 
the tube is at least partly formed by a number of 
substantially parallel tubules which are arranged 
stfe by side and are connected to each other. 

6. The detormable tube of daim 5. wherein the is 
tubules am made of metal and the sides of a pair of 
axJJacentUxjlessubaa^ 

are sintered, welded, spot welded, brazed, bonded, 
or otherwise secured to each other. 

20 

7. The detormable tube of daim 5. wherein the 
tubutes are made of a plastic or etastomeric mate- 
rial or a fabric and the sides of acfacent tubules 
substantially touch each other and are bonded to 
each other. 25 

e. The detormable tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tiafy cylindrical shape and deform into a substan- 
tafy eirpticaJ or flattened shape in response to so 
deformation of the tube. 

0. The detormable tube of daim 1. wherein before 
deformation of the tube the tulaUes ha^ a substan- 
tialy prismatic shape and deform into a substan- ss 
tialy flattened shape in response to deformation of 
the tube. 

10. The detormable tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube 40 
openings or weak spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
Into Are space surrountfing the tube. 

45 

11. The c^forrnabie tube of daim 1 0. wherein the fluids 
that are squeezed from the interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement shiny, conpon* * of a 
curing agent or a chemical treatment ftoid so 
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Fig.3. 




Fig.4 



EP0952 3Q5A1 




EP 0 952 305 A1 



Fig.9. 
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Fig. 10. 
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